The upper atmosphere of Mars is thought to be unique due to the large influences exerted by the highly dynamic lower atmosphere below and the solar wind above. We review the history of upper atmosphere and solar wind interaction measurements at Mars and describe previous efforts to develop a dedicated Mars Aeronomy Orbiter. Science rationale, measurement requirements and mission design considerations for such a mission are presented that reflect not only recent improvements in our understanding of Mars, but also the President's Vision for Exploration. Finally, we will discuss near-term opportunities for the implementation of a Mars upper atmosphere and solar wind interaction mission.
I. Introduction
Planets are highly complex and dynamical entities that can be understood only by taking a "systems approach" to their exploration and modeling. Gravity, thermal balance, mass transfer, chemistry, and in some cases, magnetic fields couple their deepest interiors to the highest reaches of their atmospheres and magnetospheres. Next to the Earth, this close coupling is perhaps nowhere so well documented as in the case of Mars. NASA's strategic goal of determining where, when, and how life developed in the solar system has caused special attention to be focused upon the history of water on Mars. While only small amounts of water presently exist in the atmosphere and in surface deposits of frost and ice, the situation may have been much different in the past when the Martian atmosphere was denser and warmer. Critical to the successful projection of the present state of Mars' atmosphere into the distant past is the determination of the rates at which volatiles are being lost to space. Furthermore, the nature and relative contributions of the different loss processes, e.g. Jeans escape and photo-ion pick-up by the solar wind, must be well understood in order to assess their integrated effect over the life of the solar system. Recently, the President's Vision for Exploration has provided additional impetus to efforts to understand the structure and dynamics of Mars' upper atmosphere in order to provide accurate specification models for the design of entry, descent and landing (EDL) systems. Below, we outline these science and exploration objectives and provide an overview of the results of conceptual studies of the Mars Aeronomy Orbiter (MAO) recently carried out in support of NASA's strategic planning activities.
II. Mars Upper Atmosphere Science Objectives
The upper atmosphere of Mars is driven from above by the solar wind and below by upward propagating gravity waves, tides, and the inflation of the atmosphere during global dust storms, as shown in Fig. 1 . Knowledge of the solar wind interaction is still quite limited. A dedicated solar wind interaction and aeronomy mission mounted by the Japanese, named Nozomi, failed to achieve Mars orbit. Magnetometers flown on the Mars Global Surveyor found that there is no global magnetic field, only localized crustal magnetic anomalies 1 . Under such circumstances, the direct impact of solar wind plasma will transfer some energy and momentum to the outer layers the atmosphere and affect the structure of the ionosphere. However, the most significant result may be an enhanced rate of escape for volatiles, including the components of water, as these neutrals are ionized by solar EUV radiation and "picked-up" by the solar wind. From below, the structure of the upper atmosphere and its dynamics will be strongly influenced by solar forcing and photo-chemistry as well as the effects of gravity waves and tides. The thermal structure of the atmosphere is determined by a number of factors, but the most dramatic may be the global dust storms that sometimes envelop Mars. The absorption and re-radiation of solar radiation by suspended dust particles is known to heat the Martian atmosphere and greatly increase its scale height. Furthermore, there is reason to expect that Mars' upper atmosphere will exhibit the same tendency to rotate faster than the spin rate of the of surface as is seen at other planets, including Venus. Finally, the large variations observed in the polar ice caps make it very likely that seasonal effects will be present in the atmospheric winds as these ices sublimate and re-freeze in the opposite hemisphere.
With these considerations as background, the Mars Aeronomy Observer (MAO) Science Working Team 2 (SWT) organized by NASA in the mid-1980's identified four broad science objectives:
• What is the altitude, local time, and solar zenith angle variation in the composition, density and temperature of the neutral and ionized components of the upper atmosphere?
• What are the major features of the circulation of the atmosphere at all levels, but particularly the middle and upper regions?
• What is the nature of the solar wind interaction with the Mars ionosphere and upper atmosphere and how does the solar wind influence the circulation and loss of volatiles via photo-ion pickup and other related plasma and electrodynamic processes?
• How can the oxidation of CO and organics and the corresponding dearth of free oxygen and ozone, be understood? Could there have been a time in the past when conditions were more benign, for example due to higher pressures and the presence of running water?
These objectives were then used by the MAO SWT to define measurement requirements and develop a mission plan that would provide sampling at all local times and solar zenith angles down to altitudes as low as 150 km. The strawman science payload consists of electric and magnetic field sensors, neutral and plasma particle analyzers, and remote sensing instruments to image winds and sound the properties of the lower atmosphere 2 . 
III. President's Vision for Exploration
The President's Vision for Exploration and supporting strategic plans call for the flight of Mars robotic landers of increasing complexity and capability culminating in human landings at some point beyond 2020. As detailed in Fig. 2 , specification models for not only the mean neutral atmospheric density and winds, but also their variability and seasonal and solar cycle changes are essential for the design of robust aerocapture, aerobraking, and entry, descent, and landing systems. Such knowledge is also critical for the estimation and management of risk not only with respect to safety, but also to landing payloads sufficiently close to high priority surface targets to enable mission success. In addition, it must be recognized that these Mars environmental measurements and models are required early in the formulation phase of advanced robotic and manned exploration missions designed around "pin point" landing or other demanding EDL requirements. The scientific understanding and models produced by the Mars Aeronomy Orbiter are essential to the development of EDL system requirements that are robust and possess adequate margin, but not excessive so that the maximum payload can be delivered to the surface consistent with safety. In this manner the MAO mission is expected to reduce the risk and cost of the exploration missions that follow while enhancing their capability and productivity.
A mature understanding of the Martian atmosphere will require measurements from the surface to the solar wind interaction region at altitudes above 500 km. As noted earlier, some of these measurements have already been obtained, primarily for the lower atmosphere, by instruments flown on previous missions. Others are in the process of being taken by the European Mars Express mission. However, simultaneous measurements of the neutral and ionized components of the Mars upper atmosphere will be needed in order to develop the physics-based, surface-to- 
IV. Conclusion
MAO will answer many fundamental questions regarding the Martian solar wind interaction and atmosphere. It is essential that these measurements be gathered and fully analyzed by the middle of the next decade if they are to provide the understanding and environmental models necessary for the design of robust, yet efficient, entry, descent and landing systems for advanced robotic and human exploration missions. In this regard, the selection of such an aeronomy mission for the 2011 Scout opportunity would provide the necessary phasing to support the currently envisioned schedule for NASA's Mars exploration missions.
